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Abstract
IMPORTANCE In many health systems, access to off-label drug use is controlled through
reimbursement restrictions by health insurers, especially for expensive cancer drugs.
OBJECTIVE To determine whether evidence from randomized clinical trials is associated with
reimbursement decisions for requested off-label use of anticancer drugs in the Swiss health system.
DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study used reimbursement requests
from routinely collected health records of 5809 patients with drug treatment for cancer between
January 2015 and July 2018 in 3 major cancer centers, covering cancer care of approximately 5% of
the Swiss population, to identify off-label drug use. For each off-label use indication with 3 or more
requests, randomized clinical trial evidence on treatment benefits was systematically identified for
overall survival (OS) or progression-free survival (PFS). Data were analyzed from August 2018 to
December 2020.
EXPOSURES Available randomized clinical trial evidence on benefits for OS or PFS for requested
off-label use indications.
MAIN OUTCOMES AND MEASURES The main outcome was the association between evidence for
treatment benefit (expressed as improved OS or PFS) and reimbursement in multivariable
regression models.
RESULTS Among 3046 patients with cancer, 695 off-label use reimbursement requests in 303
different indications were made for 598 patients (median [interquartile range] age, 64 [53-73] years;
420 [60%] men). Off-label use was intended as first-line treatment in 311 requests (45%).
Reimbursement was accepted in 446 requests (64%). For 71 indications, including 431 requests for
376 patients, there were 3 or more requests. Of these, 246 requests (57%) had no supporting
evidence for OS or PFS benefit. Reimbursement was granted in 162 of 246 requests without
supporting evidence (66%). Of 117 requests supported by OS benefit, 79 (67%) were reimbursed,
and of 68 requests supported by PFS benefit alone, 54 (79%) were reimbursed. Evidence of OS
benefit from randomized clinical trials was not associated with a higher chance of reimbursement
(odds ratio, 0.76, 95% CI, 0.45-1.27).
CONCLUSIONS AND RELEVANCE These findings suggest that in a health care system enabling
access to off-label use, it was frequently intended as a first-line treatment in cancer care. Availability
of randomized clinical trial evidence showing survival benefit was not associated with
reimbursement decisions for off-label anticancer drug treatment in Switzerland. A transparent
(continued)
Key Points
Question Is evidence from randomized
clinical trials associated with the
reimbursement decisions that
determine access to off-label use of
cancer drugs in Switzerland?
Findings In this cross-sectional study
including 3046 patients with cancer,
there were a total of 695 off-label use
requests for 598 patients (20%). A total
of 67% of requests were reimbursed
when supporting trials showed overall
survival benefit, but 65% of requests
were reimbursed without evidence for
overall survival or progression-free
survival benefit.
Meaning These findings suggest that
reimbursement for off-label cancer
treatment in Switzerland was not
evidence-based and that a transparent
process considering clinical evidence is
urgently needed for reimbursement
decisions to guarantee fair access to
off-label cancer drugs.
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Abstract (continued)
process with criteria considering clinical evidence is needed for evidence-based reimbursement
decisions to ensure fair access to cancer treatments.
JAMA Network Open. 2021;4(3):e210380. doi:10.1001/jamanetworkopen.2021.0380
Introduction
Off-label use refers to the use of drugs outside their indication approved by regulatory agencies1 and
is common in oncological care.2 An estimated 13% to 71% of adult patients with cancer2 receive
off-label drugs during the course of their treatment, including approximately 30% of patients in the
US3 and Switzerland.4 When evidence about the benefits of a drug in a new indication emerges,
off-label use may allow its early use in routine care before formal approval.5 A prominent example is
the ERBB2 (OMIM 164870; formerly HER2)-directed antibody, trastuzumab, which is approved for
ERBB2-positive breast cancer.6,7 The clear clinical benefit of trastuzumab, with up to 8 months extended
survival and doubling of the overall response in patients with advanced breast cancer, has prompted
further investigations in other malignant neoplasms. In 2009, a randomized clinical trial (RCT) showed
better survival for patients with advanced ERBB2-positive gastric cancer who received trastuzumab
in addition to chemotherapy.8 It took 1 year until formal approval was granted for this new indication
by the US Food and Drug Administration (FDA),9 and during this time, patients with ERBB2-positive
advanced gastric cancer could only receive trastuzumab via off-label use.
Cancer drugs are often expensive, and their reimbursement is an economic challenge for health
care systems; therefore, off-label use is frequently regulated by reimbursement restrictions in many
countries.10 In Switzerland, reimbursement of drugs in approved indications is regulated by the Swiss
government (based on the approval decisions of Swissmedic, the equivalent to the FDA) and
compulsory for all Swiss health insurers. Reimbursement of off-label use is individually determined
by Swiss health insurers. The treating physician has to issue an upfront reimbursement request, and
the patient’s health insurer decides on a case-by-case basis. Off-label use has to be reimbursed if it
is indicated for a life-threatening disease, a substantial benefit can be expected, and no other
effective and approved treatment is available.11 However, there are no fixed definitions of these
criteria, and there is less than full transparency on how Swiss insurance companies appraise whether
substantial benefit can be expected. In the US, insurance companies rely on different compendia (eg,
American Hospital Formulary Service Drug Information, the US Pharmacopeia Drug Information, or
Drugdex) for off-label use reimbursement, regardless of evidence or comprehensiveness. However,
legislation for off-label use reimbursement differs from state to state, which carries the risk of inequal
access to off-label use treatment.1,12
In an evidence-based health care system, the main driving factor for reimbursement decisions
should be the available evidence. In this cross-sectional study, we report results a large-scale
empirical investigation about the reimbursement reality of off-label use in cancer care in Switzerland,
with the aim of understanding the association of supporting evidence with the reimbursement
decisions that determine access to off-label use for patients with cancer.
Methods
This cross-sectional study was approved by the local research ethics committee of North-West
Switzerland in Basel. We were granted a waiver of written informed consent by the research ethics
committee because this study only included information extracted from routinely collected health
care data. This study is part of the Comparative Effectiveness of Innovative Treatments in
Cancer—Off Label Use project, described elsewhere.13 In brief, we used routinely collected health
data from medical care records to investigate the prevalence of intended off-label use in patients
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with cancer, reimbursement of off-label use, and the association of RCT evidence with
reimbursement of off-label use. The reporting follows the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.
Selection and Eligibility Criteria
We screened medical records of patients with a first consultation at 1 of 3 major Swiss oncology and
hematology centers (University Hospital Basel, Bern University Hospital, and Cantonal Hospital St
Gallen) between January 2015 and July 2018. We included patients with a malignant neoplasm who
received at least 1 anticancer drug treatment. From 1 center (University Hospital Basel), we included
all eligible patients, and we randomly selected 1000 patients from all eligible patients in each of the
other 2 centers.
Definition of Off-Label Use and Indications
We retrieved approval information of all anticancer drugs from the Swiss drug regulation agency,
Swissmedic,14 and publicly available repositories.15 We considered all requested drug treatments as
off-label use if there was at least 1 deviation from the Swissmedic drug label regarding the disease,
treatment setting, line of treatment, and application of the drug (eAppendix in the Supplement). All
requested drug treatments that were not approved by Swissmedic (also known as compassionate
or unlicensed use2) were considered off-label use.
Evidence From RCTs
For each off-label use indication with at least 3 requests, we systematically determined the evidence
supporting an intended off-label use at the time of request (details of the systematic search have
been published elsewhere13). Two reviewers (A.K.H. and A.M.S.) independently used a prespecified
search strategy for PubMed and Google Scholar to identify RCTs testing the drug in the intended
off-label indication. We focused on RCT evidence to avoid the high uncertainty associated with
benefit assessments based on nonrandomized trials, although we did take into consideration that
some drugs are approved based on nonrandomized trials. One independent investigator (M.G.)
verified the eligibility of all identified RCTs. We extracted bibliographic details, earliest date of
publication (online or print), comparator drug or regimen, patients enrolled, and treatment effects
(hazard ratios [HRs] with 95% CIs and P values) for overall survival (OS) and progression-free survival
(PFS) from each RCT. Whenever possible, we chose the reported effect estimate labeled as
intention-to-treat analysis. If no 95% CI was reported but a P value was, we used the P value to
calculate the 95% CI.16 For 3 indications, we considered the effect reported from subgroup analyses
in RCTs that more closely matched the respective off-label use indication. Finally, for each off-label
use reimbursement request, the corresponding evidence available at that specific time was
determined (independently by A.K.H. and A.M.S.; verified by B.K.). When there were multiple
corresponding RCTs available at that time, their results on OS and PFS were summarized in random-
effects meta-analyses. If RCT results were updated during the study period (ie, January 2015 to July
2018), the updated analyses were considered for the respective times. We used 3 categories to
describe the available evidence for treatment benefits at the time of each off-label use request: OS
benefit (summary HR for OS <1 and upper 95% CI limit <1); PFS benefit (no OS benefit but summary
HR for PFS <1 and upper 95% CI limit <1); or no benefit (no OS or PFS benefit or no RCT evidence
available at all).
Statistical Analysis
Our main outcome was the final decision on the reimbursement request (acceptance vs rejection) by
the health insurers. The unit of analysis was the individual reimbursement request. We calculated
frequencies and proportions of accepted and rejected off-label use requests for each indication and
each of the 3 evidence categories. To investigate whether insurance companies were more likely to
approve off-label use requests in the presence of evidence for OS or PFS benefit, we used multilevel
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logistic regression analyses with a 3-level model for our main analyses: the unit of analysis was the
reimbursement request and clustering was analyzed by off-label use requests by patient (there can
be >1 request per patient) and by patients’ health insurers (decision-making might differ across health
insurers). We used 2 main models with different definitions of the exposure variable, which was the
level of treatment benefit linked to the individual off-label use request. The first model, OS benefit vs
all other categories, including PFS benefit and no benefit, addressed the question of whether
patients were more likely to receive acceptance for off-label use when OS benefit had been
demonstrated. The second model, OS benefit or PFS benefit vs no benefit, addressed the question
of whether patients were more likely to receive acceptance for off-label use when at least PFS benefit
had been demonstrated.
The probability of acceptance was expressed as an odds ratio (OR), with an OR greater than 1
indicating a higher chance of acceptance in the presence of evidence for OS or PFS benefit. We
created forest plots with crude ORs for every health insurer to visualize the dispersion of
reimbursement decisions across health insurances.
Association of Reimbursement With Other Factors
To investigate other factors potentially associated with reimbursement decisions, we conducted
multilevel multivariable logistic regression analyses including prespecified patient, disease, and
treatment characteristics (ie, sex, age, requirement of markers associated with response to the drug,
disease type, and request for an immune checkpoint inhibitor (ICI). We did not include 2 other
prespecified factors. The first was orphan drug status, as this status is granted during the approval
process for a specific drug within a specific indication; therefore, within the Swiss health care system,
orphan drug status only applies to drugs given on-label. The second was cancer incidence because
we could not reliably identify the required information for many specific disease entities (eg,
incidence was available for lung cancer, but not for non–small cell adenocarcinoma of the lung). Ad
hoc, we added the line of treatment to the multivariable model (first, second, or third line and
beyond) to investigate whether reimbursement requests were more likely to be accepted for
patients who had undergone previous lines of treatment.
Sensitivity Analysis and Missing Data
To investigate whether clustering had any impact on our estimates, we modified the 2 main models
considering clustering by health insurer or patient only and no clustering at all. In a further sensitivity
analysis, we only included requests for indications for which an RCT was available (trial model). We
anticipated missing data13 for our main outcome, and we prespecified analyses based on multiple
imputations.
Data Processing and Software
We built a relational database (Ninox) to store extracted pseudonymized information from patient
records and information from our literature searches. An encryption process using a unique patient
identifier was embedded to secure patient privacy. We used R statistical software version 3.5.1 (R
Project for Statistical Computing) for all statistical analyses. For meta-analyses and cumulative meta-
analyses, we used the R package meta, version 4.9-4 to calculate ORs and forest plots. For the
multilevel logistic regression model and sensitivity analyses we used the R package lme4, version
1.1-20. We performed multiple imputations and logistic regression analyses on imputed data sets
using Stata version 15.1 (StataCorp). All calculations and analyses were performed in duplicate. Data
were analyzed from August 2018 to December 2020.
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Results
Prevalence of Off-Label Use Requests
We screened 5809 patient records and included 3046 eligible patients (eFigure 1 in the
Supplement). At least 1 off-label use reimbursement request was issued for 568 patients (19%), with
a total of 695 off-label use requests. Reimbursement was accepted in 446 requests (64%) and
rejected in 185 requests (27%). Decisions on reimbursement were missing for 64 requests (9%).
Overall, we identified 303 different off-label use indications (Table 1; eTable 1 in the Supplement).
Characteristics of Off-Label Use Requests
Among 695 requests, the median (interquartile range) patient age was 64 (53-73) years, 420
requests (60%) were for male patients, and 441 requests (63%) were to treat a solid tumor (Table 2).
A total of 133 requests (19%) were for ICIs, and evidence of a biomarker associated with treatment
response was required for 118 requests (17%). Most off-label use requests were intended as first-line
(311 requests [45%]) or second-line therapy (215 requests [31%]). Rejections were more common
for reimbursement requests for ICIs (136 rejections of 441 requests [31%]) and solid tumors (53
rejections of 133 requests [40%]) compared with requests for non-ICIs (130 rejections of 562
requests [23%]) and nonsolid tumors (47 rejections of 254 requests [19%]). Of the top 14 most
frequently requested off-label use indications in our study (Table 1), 11 (79%) were off-label use in the
US by January 2015. Four indications (29%) were later approved during the study period in the US
and Switzerland.
Evidence and Reimbursement Reality
For 71 indications, at least 3 different reimbursement requests were issued, covering 431 of 695
off-label use requests (62%) and 376 of 568 patients (66%). The 3 most frequently requested
indications were azacitidine for acute myeloid leukemia or myelodysplastic syndrome as
maintenance therapy after allogeneic stem cell transplantation (31 requests), zoledronic acid for
breast cancer as adjuvant treatment in combination with antihormonal therapy (28 requests); and
lenalidomide for multiple myeloma as maintenance therapy after autologous stem cell
transplantation (26 requests). Of these 71 indications, 29 indications (41%) were tested in a single
Table 1. Top 10 Most Frequently Requested Off-Label Use Indications Between January 2015 and July 2018a
Indication Treatment line Drug Overall requests, No.
Decision, No. (%)
Accepted Not available
AML or MDS, postallogenic SCT, single agent Any, but mostly first Azacitidine 31 22 (71) 0
Breast cancer, adjuvant, drug combination First Zoledronic acid 28 21 (75) 1 (4)
Multiple myeloma, postautologous SCT,
single agent
First Lenalidomide 26 20 (77) 6 (23)
Melanoma, adjuvant, single agent First Nivolumab 16 16 (100) 0
Prostate cancer, advanced, drug combination First Abiraterone 14 11 (79) 1 (7)
Glioblastoma, advanced, single agent Second, third, or beyond Lomustin 13 9 (69) 3 (23)
Follicular lymphoma, induction, single agent First Rituximab 11 11 (100) 0
Multiple myeloma, induction, drug combination First Bortezomib 9 8 (89) 1 (11)
Pancreatic cancer, adjuvant, drug combination First Capecitabine 9 7 (78) 1 (11)
SCLC, advanced, drug combination Second, third, or beyond Ipilimumab 9 4 (44) 0
Pancreatic cancer, advanced, or beyond,
drug combination
Second, third, or beyond Nab Paclitaxel 9 6 (67) 0
NSCLC, adenocarcinoma, advanced,
drug combination
First Pembrolizumab 9 7 (78) 0
Posttransplant lymphoproliferative disorder,
induction, single agent
First Rituximab 9 7 (78) 2 (22)
AML, postallogenic SCT, single agent First, second, third, or beyond Sorafenib 9 5 (56) 1 (11)
Abbreviations: AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; NSCLC,
non–small cell lung carcinoma; SCLC, small cell carcinoma; SCT, stem cell transplantation.
a There are more than 10 indications listed because different indications can have the
same number of requests.
JAMA Network Open | Health Policy Association of Supporting Trial Evidence and Reimbursement for Off-Label Use of Cancer Drugs
JAMA Network Open. 2021;4(3):e210380. doi:10.1001/jamanetworkopen.2021.0380 (Reprinted) March 2, 2021 5/13
Downloaded From: https://jamanetwork.com/ by a Universitaetsbibliothek Bern User  on 09/24/2021
RCT, 7 indications (10%) were tested in 2 RCTs, and 4 indications (6%) were tested in 3 RCTs. For 31
indications (44%), we found no RCT evidence.
For 14 of 71 indications (20%), all requests were approved (1 indication with OS benefit; 3
indications with PFS but not OS benefit; 10 indications without OS or PFS benefit). For 5 indications
(7%), all requests were denied (1 indication with OS benefit; 1 indication with PFS but no OS benefit; 3
indications without OS or PFS benefit), and for 59 indications (63%) reimbursement decisions were
inconsistent, ie, some requests were approved and some were not.
Among 431 requests in these 71 indications, 117 requests (27%) were supported by RCT
evidence showing an OS benefit, and 68 requests (16%) were supported by RCT evidence showing a
PFS benefit but no OS benefit. The remaining 246 requests (57%) were not supported by RCT
evidence for OS or PFS benefit. For 25 of these 246 requests (10%), RCTs did not reveal an OS or PFS
benefit, and 221 of these 246 requests (90%) were not supported by RCT evidence investigating OS
or PFS at all (eTable 2 in the Supplement). Overall, 162 of 246 requests (66%) were approved without
supporting RCT evidence for an OS or PFS benefit, 54 of 68 requests (79%) were approved with
evidence for PFS benefit (but not for OS), and 79 of 117 requests (67%) were approved with evidence
for an OS benefit (Figure 1).
In multilevel regression analysis, the chance of reimbursement was not higher in the presence
of RCT evidence for OS benefit compared with all other situations (OR, 0.76; 95% CI, 0.45-1.27)
(Figure 2). This was consistent in the sensitivity analysis using a multivariable model (OR, 0.85; 95%
CI, 0.47-1.54) (eTable 3 in the Supplement). The multilevel regression analysis did not suggest a
higher chance for reimbursement in the presence of RCT evidence for OS or PFS benefit compared
with situations without such evidence (OR, 1.46; 95% CI, 0.91-2.36), although the sensitivity analysis
using a multivariable model was compatible with an almost 2-fold higher chance of reimbursement
(OR, 1.79; 95% CI, 1.01-3.18) (eTable 3 in the Supplement). Reimbursement requests for ICIs and
second-line therapies were rejected more frequently (eTable 3 in the Supplement). Results were
similar in the other sensitivity analyses (eTable 4 in the Supplement).
The results stratified by health care insurers suggested no association between available
evidence for benefit and positive reimbursement decisions (Figure 3). Even within the same health
insurer for the same indication, we found no consistency in decision making (eFigure 2 in the
Supplement).
Table 2. Patient, Disease, and Treatment Characteristics of Reimbursement Requests
Characteristic
No. (%)
All (n = 695)
Reimbursement decision
Accepted (n = 450) Rejected (n = 183) Unknown (n = 62)
Patient
Age, median (IQR), y 64 (53-73) 64 (53-72) 65 (54-75) 64 (55-73)
Men 420 (60) 267 (59) 113 (62) 40 (65)
Tumor type
Hematological diseases 149 (21) 104 (23) 32 (17) 13 (21)
Lymphoma 105 (15) 78 (17) 15 (8) 12 (19)
Solid tumor 441 (63) 268 (60) 136 (74) 37 (60)
Drug type
Immune checkpoint inhibitor 133 (19) 76 (17) 53 (29) 4 (6)
Targeted therapy 118 (17) 81 (18) 30 (16) 7 (11)
Line of treatment
First 311 (45) 222 (50) 65 (36) 24 (39)
Second 215 (31) 129 (29) 66 (36) 20 (33)
≥Third 166 (24) 97 (22) 52 (28) 17 (28)
Abbreviation: IQR, interquartile range.
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Discussion
This cross-sectional study of more than 3000 patients with a large variety of cancer types showed
that for 1 in 5 patients, off-label use was an intended treatment. While it is widely assumed that
off-label use is typically a treatment for rare diseases and in situations of exhausted approved
treatment options,17-19 our findings suggest that off-label use was typically intended as a first- or
second-line treatment option. While health insurers provided access to off-label use by accepting
reimbursement in 64% of requests, their decisions were not associated with the supporting evidence
from RCTs at the time of the request. Approximately 1 in 3 reimbursement requests were rejected,
regardless whether there was RCT evidence supporting it. Although there was a positive association
of level of evidence with the chance for reimbursement in 1 sensitivity analysis, this observed
association was not consistent. Results from nonrandomized trials may be important to justify
off-label use in some situations; however, in an evidence-based health care system, intended
off-label use supported by the most reliable evidence (ie, from RCTs) showing improved survival
would be expected to always have the highest chance to be reimbursed. However, even within the
same health insurer, reimbursement decisions on the same drug in the same off-label use indication
with the same supporting evidence for benefit were inconsistent. Thus, most patients with cancer
in Switzerland had access to off-label use, but the decision-making process by the health insurer was
not transparent to the requesting oncologist or hematologist and not evidence-based.
In contrast to previous assumptions, our study found that 45% of off-label use requests were
intended for first-line treatment, suggesting that off-label use was often the preferred primary
therapy for patients with cancer. This may partly be explained by a time lag between availability of
evidence (eg, from peer-reviewed publications) and formal approval of new indications. For example,
for FDA approvals, the median (range) lag time has been described as 7 (0.6-13.2) months, and it is
more than the median (range) of 12 (4.9-22.4) months for the European Medicines Agency.20
Another reason that treatments are considered off-label use, even though they may be already
established as a standard of care, is the lack of incentives for pharmaceutical companies to apply for
an expensive and sometimes lengthy approval process.19
Swiss law mandates reimbursement of requested off-label use in cases of a potentially fatal
disease without an effective approved alternative therapy.11 However, the law leaves room for
interpretation, and decisions on off-label use reimbursement are entirely up to the health insurer. In
addition, it is not clear if medical reviewers use the evidence attached to the request by the issuing
physician, conduct standardized searches for evidence on their own, or consult guidelines. This is
different to the US system,21 in which health insurers at least need to consult guidelines developed by
5 different compendiums.22 Usually, US health insurers reimburse off-label use if it is endorsed by
Figure 1. Proportions of Accepted and Rejected Off-Label Reimbursement Requests Per Category of Supporting
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Figure 2. Proportion of Off-Label Reimbursement Approvals for All 71 Indications With at Least 3 Requests
in the Study Period
20 6040 80 1000
Approval rate, %
Docetaxel, prostate carcinoma, advanced
Cetuximab, head and neck, advanced
Novo, glioblastoma, advanced, second-line
Atezolizumab, urothelial carcinoma, advanced, second-line
NovoTTF, glioblastoma, advanced, first-line
Pembrolizumab, SCLC, advanced
Crizotinib, NSCLC, adenocarcinoma, advanced, first-line
Bevacizumab, colorectal carcinoma, advanced
Nivolumab, HCC, advanced
Crizotinib, NSCLC, adenocarcinoma, advanced, second-line and beyond
Nivolumab, SCLC, advanced
Atezolizumab, urothelial carcinoma, advanced, first-line
Ramucirumab, NSCLC, adenocarcinoma, advanced
Ipilimumab, SCLC, advanced
Bortezomib, multiple myeloma, induction, VTd
Pembrolizumab, NSCLC, squamous, advanced, single
Lomustin, brain tumor WHO III, advanced
Pembrolizumab, urothelial carcinoma, advanced, first-line
Bevacizumab, mesothelioma, advanced
Sorafenib, AML, maintenance postallogeneic SCT, single
Pembrolizumab, urothelial carcinoma, advanced, second-line and beyond
Ipilimumab, melanoma, adjuvant
Obinutuzumab, DLBCL, palliative
Pertuzumab, breast carcinoma, neoadjuvant
Olaratumab, soft-tissue sarcoma, advanced
Denosumab, multiple myeloma, palliative
Bexaroten, cutaneous T-cell lymphoma, induction
Daratumumab, multiple myeloma, palliative
Lomustin, glioblastoma, advanced, combination
Pembrolizumab, colorectal carcinoma, advanced
Irinotecan, pancreatic carcinoma, advanced, first-line
Exemestan, breast carcinoma, adjuvant
Irinotecan, gastro-esophageal, adenocarcinoma, advanced
Nab-paclitaxel, pancreatic carcinoma, advanced
Lomustin, glioblastoma, advanced
Pembrolizumab, NSCLC, adenocarcinoma, advanced, single
Azacitidine, AML, maintenance postallogeneic SCT
Bevacizumab, brain tumor WHO III, advanced
Bevacizumab, NSCLC, adenocarcinoma, advanced
Nivolumab, Hodgkin lymphoma, induction
Bendamustine, marginal-zone lymphoma, induction
Thiotepa, PCNSL, induction
Sorafenib, AML, maintenance postallogeneic SCT, combination
Zoledronic acid, breast carcinoma, adjuvant
Lenalidomide, multiple myeloma, maintenance postautologous SCT, Rd
Capecitabine, pancreatic carcinoma, adjuvant
Rituximab, PTLD, induction
Pembrolizumab, NSCLC, adenocarcinoma, advanced, combination
Abiraterone, prostate carcinoma, advanced
Irinotecan, pancreatic carcinoma, advanced, second-line and beyond
Rituximab, follicular lymphoma, maintenance
Temozolomide, brain tumor WHO II, advanced
Osimertinib, NSCLC, adenocarcinoma, advanced, second-line
Osimertinib, NSCLC, adenocarcinoma, advanced, first-line
Bortezomib, multiple myeloma, induction, VRD
Pembrolizumab, NSCLC, squamous, advanced, combination
Rituximab, marginal-zone lymphoma, induction
Irinotecan, pancreatic carcinoma, neoadjuvant
Temozolomide, neuroendocrine tumor, advanced, first-line
Capecitabine, cholangiocellular carcinoma, adjuvant
Nivolumab, head and neck, advanced
Lenalidomide, multiple myeloma, maintenance postautologous SCT
Lenalidomide, DLBCL, palliative
Temozolomide, neuroendocrine tumor, advanced, second-line and beyond
Obinutuzumab, CLL/SLL, induction, palliative
Midostaurin, AML, maintenance postallogeneic SCT
Doxorubicin liposomal, DLBCL, induction
Regorafenib, HCC, advanced

















No OS or PFS benefit
AML, acute myeloid leukemia; CLL, chronic
lymphocytic leukemia; combination, drug requested in
combination with other drug treatment; DLBCL,
diffuse large B-cell lymphoma; HCC, hepatocellular
carcinoma; NSCLC, non–small cell lung cancer; PCNSL,
primary central nervous system lymphoma; PTLD,
posttransplant lymphoproliferative disorder; Rd,
lenalidomide, dexamethasone; SCLC, small cell lung
cancer; SCT, stem cell transplantation; single,
monotherapy; SLL, small lymphocytic lymphoma;
VRD, bortezomib, lenalidomide, dexamethasone; VTd,
bortezomib, thalidomide, dexamethasone; and WHO,
World Health Organization grade.
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such a guideline, regardless of the evidence. Of the top 14 most frequently requested off-label use
indications in our study, 11 (79%) were also off-label use in the US by January 2015, according to the
FDA approval status. Of those 14 indications, 4 were approved during the study period in the US and
Switzerland.
A 2018 survey of the evidence underlying off-label use based on the National Comprehensive
Cancer Network guidelines22 reported that only 23% of the off-label use indications were supported
by evidence from RCTs, and a study by Radley et al23 reported that outside of oncological and
hematological treatments, 73% of all off-label use prescriptions by office-based physicians were
supported by little or no scientific evidence. This illustrates that there are situations in which
clinicians feel confident to treat patients with off-label use even in the absence of sufficient evidence.
Such situations might be justified and driven by convincing results from nonrandomized trials, strong
patient preferences, or a sound rationale based on a biomarker associated with treatment response.
However, there are examples calling for caution when making premature inferences on treatment
benefits in the absence of RCT evidence, even within the same tumor type. For example, irinotecan
and bevacizumab are effective and approved treatments for metastatic colorectal cancer,24,25 and
one might conclude that this would also translate into the adjuvant setting. However, later RCTs
could not show any benefit in an adjuvant treatment setting, but they did find a possible detrimental
effect on patient survival.26,27
Tumor site agnostic treatment approaches, in which not the site of the tumor but common
molecular alterations determine treatment choices, will very likely increase off-label use in the
future.28 In our study, the presence of a biomarker associated with treatment response was
prerequisite for the use of 17% of requested off-label use indications. However, drug prices have
skyrocketed in the last 30 years, thus increasing off-label use is likely to become a challenge to any
health care system, especially if reimbursement is not systematically regulated. Neither the US nor
Swiss reimbursement systems currently seem fit to deal with the increased burden that off-label use
is likely to impose in the future.
Our results are based on a representative sample with almost 6000 patients covering
approximately 5% of all annual patients with cancer in Switzerland.29 By extracting data on disease
and treatment history and the correspondence with the health insurer, we have established a unique
Figure 3. Forest Plot of the Crude Odds Ratios (ORs) for Acceptance of Reimbursement Requests for Off-Label Use (OLU) Across All Indications for Each Health Insurer
With at Least 5 Reimbursement Requests
Chance of reimbursement for OLU indications shown
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An OR greater than 1 indicates a higher chance of acceptance of reimbursement in the presence of supporting evidence. For 2 insurers, no OR was calculated because all
reimbursement requests were accepted. Insurers are identified by number for anonymity.
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data set for investigating which factors are associated with reimbursement decisions in Swiss
cancer care.
Limitations
This study has several limitations. First, our analysis relies on medical records and the quality of the
documentation. In approximately 10% of reimbursement requests, we could not find the final
decision on reimbursement in the files, but sensitivity analyses suggested that missing data had no
substantial impact on our results. Second, we only searched for RCTs because they provide the most
reliable evidence. The finding that reimbursement decisions were inconsistent despite proven OS
benefit in RCTs suggests structural problems beyond different interpretations of study designs.
Third, we focused on treatment effects on OS and PFS but did not consider quality of life. Quality of
life is a rarely explored end point in pivotal RCTs of new cancer drugs,30 and benefits on quality of life
are not explicitly considered in the legal requirements for reimbursement of off-label use in
Switzerland.11 Fourth, we did not assess the quality of the included RCTs, which has been described
as being often limited.31 Fifth, we focused on off-label use indications that had been requested at
least 3 times, covering more than half of all included requests, as it would not have been feasible to
search for all 303 indications. Sixth, we did not consider a potential association of factors other than
supporting RCT evidence on the reimbursement decision, such as treatment costs. Seventh, approval
status may change over time; thus, some of the indications considered off-label in our study may
have been approved later. However, there were no substantial changes in the off-label use
reimbursement process in the Swiss health care system such that would limit the applicability of our
findings.
Conclusions
This cross-sectional study examined off-label reimbursement for cancer drugs in the Swiss health
care system, which is characterized by high diversity, with more than 50 different health insurances
in a federal system of 26 cantons, a strong private care sector, and high health care spending. In this
system that enables the access to off-label use, off-label use was frequently used in the first-or
second-line of cancer treatment and sometimes represented a new standard of care. The level of
available evidence was not associated with reimbursement decision-making in our analysis, leaving
clinicians and patients with high uncertainty and calls for immediate action to change the
reimbursement process and guarantee fair access and evidence-based cancer care.
ARTICLE INFORMATION
Accepted for Publication: January 10, 2021.
Published: March 2, 2021. doi:10.1001/jamanetworkopen.2021.0380
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Herbrand AK
et al. JAMA Network Open.
Corresponding Author: Benjamin Kasenda, MD, PhD, Department of Medical Oncology, University Hospital Basel
and University of Basel, Petersgraben 4, 4031 Basel, Switzerland (Benjamin.Kasenda@usb.ch).
Author Affiliations: Department of Medical Oncology, University Hospital Basel and University of Basel, Basel,
Switzerland (Herbrand, Schmitt, Hoogkamer, Kasenda); Department of Internal Medicine, St Claraspital, Basel,
Switzerland (Herbrand); Basel Institute for Clinical Epidemiology and Biostatistics, Department of Clinical
Research, University Hospital Basel and University of Basel, Basel, Switzerland (Briel, Ewald, Hemkens);
Department of Health Research Methods, Evidence, and Impact, McMaster University, Hamilton, Canada (Briel);
University Medical Library, University of Basel, Basel, Switzerland (Ewald); Department of Internal Medicine,
University of Cologne, Center for Integrated Oncology Aachen Bonn Cologne Duesseldorf, Cologne, Germany
(Goldkuhle); Department of Oncology and Hematology, Cantonal Hospital St Gallen, St Gallen, Switzerland (Diem,
Joerger); Department of Oncology and Hematology, Spital Grabs, Grabs, Switzerland (Diem); Department of
JAMA Network Open | Health Policy Association of Supporting Trial Evidence and Reimbursement for Off-Label Use of Cancer Drugs
JAMA Network Open. 2021;4(3):e210380. doi:10.1001/jamanetworkopen.2021.0380 (Reprinted) March 2, 2021 10/13
Downloaded From: https://jamanetwork.com/ by a Universitaetsbibliothek Bern User  on 09/24/2021
Mathematics and Computer Science, University of Basel, Basel, Switzerland (Moffa); Department of Medical
Oncology, Bern University Hospital, Bern, Switzerland (Novak); Meta-Research Innovation Center Berlin
(METRICS-B), Berlin Institute of Health, Berlin, Germany (Hemkens); Meta-Research Innovation Center at Stanford
(METRICS), Stanford University, Stanford, California (Hemkens); Research and Development, iOMEDICO, Freiburg,
Germany (Kasenda).
Author Contributions: Drs Schmitt and Kasenda had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis. Drs Herbrand and Schmitt
contributed equally as co–first authors. Drs Hemkens and Kasenda contributed equally as co–last authors.
Concept and design: Schmitt, Joerger, Hemkens, Kasenda.
Acquisition, analysis, or interpretation of data: All authors.
Drafting of the manuscript: Herbrand, Schmitt, Hemkens, Kasenda.
Critical revision of the manuscript for important intellectual content: Schmitt, Briel, Ewald, Goldkuhle, Diem,
Hoogkamer, Joerger, Moffa, Novak, Hemkens, Kasenda.
Statistical analysis: Herbrand, Schmitt, Moffa, Hemkens.
Obtained funding: Joerger, Hemkens, Kasenda.
Administrative, technical, or material support: Herbrand, Hoogkamer, Joerger, Novak, Hemkens.
Supervision: Briel, Hemkens, Kasenda.
Conflict of Interest Disclosures: Dr Kasenda reported receiving personal fees from Roche, Riemser, Abbvie, and
Astellas outside the submitted work and being an employee of iOMEDICO, a private for-profit clinical research
institute in the field of oncology/hematology. No other disclosures were reported.
Funding/Support: This work was supported by grant No. KFS-4262–08.2017 from the Swiss Cancer League to
provide postdoctoral salaries and expendables.
Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.
REFERENCES
1. Hampton T. Experts weigh in on promotion, prescription of off-label drugs. JAMA. 2007;297(7):683-684. doi:
10.1001/jama.297.7.683
2. Saiyed MM, Ong PS, Chew L. Off-label drug use in oncology: a systematic review of literature. J Clin Pharm Ther.
2017;42(3):251-258. doi:10.1111/jcpt.12507
3. Conti RM, Bernstein AC, Villaflor VM, Schilsky RL, Rosenthal MB, Bach PB. Prevalence of off-label use and
spending in 2010 among patent-protected chemotherapies in a population-based cohort of medical oncologists.
J Clin Oncol. 2013;31(9):1134-1139. doi:10.1200/JCO.2012.42.7252
4. Joerger M, Schaer-Thuer C, Koeberle D, et al. Off-label use of anticancer drugs in eastern Switzerland:
a population-based prospective cohort study. Eur J Clin Pharmacol. 2014;70(6):719-725. doi:10.1007/s00228-
014-1662-5
5. Stafford RS. Regulating off-label drug use—rethinking the role of the FDA. N Engl J Med. 2008;358(14):
1427-1429. doi:10.1056/NEJMp0802107
6. Senkus E, Kyriakides S, Penault-Llorca F, et al; ESMO Guidelines Working Group. Primary breast cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2013;24(suppl 6):vi7-vi23. doi:10.
1093/annonc/mdt284
7. Cardoso F, Costa A, Norton L, et al. ESO-ESMO 2nd international consensus guidelines for advanced breast
cancer (ABC2). Ann Oncol. 2014;25(10):1871-1888. doi:10.1093/annonc/mdu385
8. Van Cutsem E, Kang Y, Chung H, et al Efficacy results from the ToGA trial: a phase III study of trastuzumab added
to standard chemotherapy in first-line HER2-positive advanced gastric cancer. J Clin Oncol. 2009;27(18)(suppl):
LBA4509. doi:10.1200/jco.2009.27.15_suppl.lba4509
9. Food and Drug Administration. Herceptin (trastuzumab). Accessed March 9, 2020. https://www.accessdata.fda.
gov/drugsatfda_docs/appletter/2010/103792s5250ltr.pdf
10. McCabe C, Bergmann L, Bosanquet N, et al; Biotherapy Development Association. Market and patient access
to new oncology products in Europe: a current, multidisciplinary perspective. Ann Oncol. 2009;20(3):403-412.
doi:10.1093/annonc/mdn603
11. Der Bundesrat. Verordnung über die Krankenversicherung. Accessed March 9, 2020. https://www.admin.ch/
opc/de/classified-compilation/19950219/index.html#id-1-4-3-4a
JAMA Network Open | Health Policy Association of Supporting Trial Evidence and Reimbursement for Off-Label Use of Cancer Drugs
JAMA Network Open. 2021;4(3):e210380. doi:10.1001/jamanetworkopen.2021.0380 (Reprinted) March 2, 2021 11/13
Downloaded From: https://jamanetwork.com/ by a Universitaetsbibliothek Bern User  on 09/24/2021
12. Ventola CL. Off-label drug information: regulation, distribution, evaluation, and related controversies. P T.
2009;34(8):428-440.
13. Herbrand AK, Schmitt AM, Briel M, et al. Contrasting evidence to reimbursement reality for off-label use (OLU)
of drug treatments in cancer care: rationale and design of the CEIT-OLU project. ESMO Open. 2019;4(6):
e000596. doi:10.1136/esmoopen-2019-000596
14. refdata. Arzneimittelinformation. Accessed April 17, 2020. https://www.swissmedicinfo.ch/Accept.aspx?
ReturnUrl=%2f
15. Swissmedic. Swissmedic Journal. Accessed February 19, 2020. https://www.swissmedic.ch/swissmedic/de/
home/ueber-uns/publikationen/swissmedic-journal.html
16. Altman DG, Bland JM. How to obtain the confidence interval from a P value. BMJ. 2011;343:d2090. doi:10.
1136/bmj.d2090
17. Smieliauskas F, Sharma H, Hurley C, de Souza JA, Shih YT. State insurance mandates and off-label use of
chemotherapy. Health Econ. 2018;27(1):e55-e70. doi:10.1002/hec.3537
18. Herrero Fernandez M, Molina Villaverde R, Arroyo Yustos M, et al. The off-label use of antineoplastics in
oncology is limited but has notable scientific support in a university hospital setting. Front Pharmacol. 2019;
10:1210. doi:10.3389/fphar.2019.01210
19. Weda M, Hoebert J, Vervloet M, et al. Study on off-label use of medicinal products in the European Union.
Accessed February 19, 2020. https://ec.europa.eu/health/sites/health/files/files/documents/2017_02_28_final_
study_report_on_off-label_use_.pdf
20. Samuel N, Verma S. Cross-comparison of cancer drug approvals at three international regulatory agencies.
Curr Oncol. 2016;23(5):e454-e460. doi:10.3747/co.23.2803
21. de Vries EGE, Cherny NI, Voest EE. When is off-label off-road? Ann Oncol. 2019;30(12):2018. doi:10.1093/
annonc/mdz455
22. Wagner J, Marquart J, Ruby J, et al. Frequency and level of evidence used in recommendations by the National
Comprehensive Cancer Network guidelines beyond approvals of the US Food and Drug Administration:
retrospective observational study. BMJ. 2018;360:k668. doi:10.1136/bmj.k668
23. Radley DC, Finkelstein SN, Stafford RS. Off-label prescribing among office-based physicians. Arch Intern Med.
2006;166(9):1021-1026. doi:10.1001/archinte.166.9.1021
24. Douillard JY, Cunningham D, Roth AD, et al. Irinotecan combined with fluorouracil compared with fluorouracil
alone as first-line treatment for metastatic colorectal cancer: a multicentre randomised trial. Lancet. 2000;355
(9209):1041-1047. doi:10.1016/S0140-6736(00)02034-1
25. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for
metastatic colorectal cancer. N Engl J Med. 2004;350(23):2335-2342. doi:10.1056/NEJMoa032691
26. de Gramont A, Van Cutsem E, Schmoll H-J, et al. Bevacizumab plus oxaliplatin-based chemotherapy as
adjuvant treatment for colon cancer (AVANT): a phase 3 randomised controlled trial. Lancet Oncol. 2012;13(12):
1225-1233. doi:10.1016/S1470-2045(12)70509-0
27. Saltz LB, Niedzwiecki D, Hollis D, et al. Irinotecan fluorouracil plus leucovorin is not superior to fluorouracil plus
leucovorin alone as adjuvant treatment for stage III colon cancer: results of CALGB 89803. J Clin Oncol. 2007;25
(23):3456-3461. doi:10.1200/JCO.2007.11.2144
28. Vokinger KN, Muehlematter UJ, Rosemann TJ. Access to Cancer Precision Medicines in Switzerland:
A Comparative Analysis (USA and EU) and Health Policy Implications. Public Health Genomics. 2018;21(5-6):
238-243. doi:10.1159/000501562
29. National Institute for Cancer Epidemiology, Registration. Nationales Institut für Krebsepidemiologie und
-registrierung, Schweiz. Accessed January 27, 2021. https://www.nkrs.ch/de/stat/die-statistiken-zur-nationalen-
krebsinzidenz/
30. Davis C, Naci H, Gurpinar E, Poplavska E, Pinto A, Aggarwal A. Availability of evidence of benefits on overall
survival and quality of life of cancer drugs approved by European Medicines Agency: retrospective cohort study of
drug approvals 2009-13. BMJ. 2017;359:j4530. doi:10.1136/bmj.j4530
31. Hilal T, Sonbol MB, Prasad V. Analysis of control arm quality in randomized clinical trials leading to anticancer




eFigure 1. Patient Flowchart and Selection Process
JAMA Network Open | Health Policy Association of Supporting Trial Evidence and Reimbursement for Off-Label Use of Cancer Drugs
JAMA Network Open. 2021;4(3):e210380. doi:10.1001/jamanetworkopen.2021.0380 (Reprinted) March 2, 2021 12/13
Downloaded From: https://jamanetwork.com/ by a Universitaetsbibliothek Bern User  on 09/24/2021
eFigure 2. Most Frequently Requested Off-Label Use Indications
eTable 1. Overview Off-Label Use Indications
eTable 2. Overview of Evidence for Off-Label Use Indications
eTable 3. Patient, Disease, and Treatment Characteristics of Reimbursement Requests and Their Associations With
Reimbursement Decisions
eTable 4. Sensitivity Analysis and Missing Imputation Calculations
JAMA Network Open | Health Policy Association of Supporting Trial Evidence and Reimbursement for Off-Label Use of Cancer Drugs
JAMA Network Open. 2021;4(3):e210380. doi:10.1001/jamanetworkopen.2021.0380 (Reprinted) March 2, 2021 13/13
Downloaded From: https://jamanetwork.com/ by a Universitaetsbibliothek Bern User  on 09/24/2021
